• CONCLUSION: Our study shows a significant association between depression and dry eye symptoms. It suggests that dry eye symptoms associate with higher depressive symptoms and its medications, although our patients were not followed longitudinally.
INTRODUCTION

D
ry eye disease (DED) is defined as a complicated disorder of the tear film and ocular surface that results in symptoms of discomfort such as pain, heaviness, grittiness, burning, dryness, itchiness, foreign body sensation, visual disturbances, and tear film instability [1] . It is important to note that treating dry eye symptoms leads to a higher level of patient satisfaction. When DED is diagnosed, we evaluate not only subjective symptoms but also objective various clinical tests including the tear break-up time (TBUT), Schirmer's wetting test, tear osmolarity, and vital dye staining of the ocular surface by fluorescein, Rose Bengal and Lissamine Green. In vivo confocal microscopy (IVCM) is a relatively novel technology for evaluating cellular changes in DED. Using IVCM, numerous studies [2] [3] [4] [5] [6] have demonstrated ocular surface changes in various conditions including DED. DED is associated with comorbidities such as hypothyroidism, systemic lupus erythematosus, depression, and psychoses to state a few [7] . Patients with DED have been found to be parameters or psychiatric disorders has been investigated in retrospective studies [6, [9] [10] [11] . No comprehensive evaluation of this association, including confocal parameters and depression scale, has been conducted. The purpose of this study is twofold: to retrospectively investigate the association between dry eye symptoms and clinical or IVCM parameters in patients with DED, and to compare these parameters between eyes with DED and normal subjects. [12] . Our patients with non-Sjögren DED were consecutively selected from the Cornea Unit of Kitasato University Hospital. The control group selection criteria were subjects with a Schirmer I test ≥5 mm and TBUT≥10s. Eyes with ocular surface discomfort or anterior segment abnormality were not included in the control group. They also were recruited from patients presenting to our ophthalmology clinic for a preoperative examination before corneal refractive or cataract surgery. Exclusion criteria for both groups were: under 18 years of age; subjects unable to complete the questionnaire or understand the procedures; subjects using topical medications that might affect the ocular surface and the cornea (except the use of nonpreserved tear substitutes in the DED group); previous ocular surgery; or contact lens wear. Patients with severe chronic diseases requiring medication such as diabetes mellitus, thyroid disease, and rheumatologic disease were also excluded. We chose one eye with more severe subjective symptoms from both eyes, when we evaluated clinical parameters in DED. Clinical Examination All patients underwent a complete examination of the ocular surface in the following order: tear osmolarity measurements, InflammaDry test, TBUT, corneal fluorescein staining, Schirmer I test, subjective symptoms questionnaires, and IVCM evaluations of the central cornea.
SUBJECTS AND METHODS Study Population
The standard TBUT was measured. The interval between the last complete blink and the appearance of the first corneal black spot in the stained tear film was measured three times and the mean value of the measurements was calculated, after 1% fluorescein dye was instilled into the conjunctival sac. The fluorescein score was also evaluated with a 1% fluorescein solution by the 0-3 score in three different sections of the cornea as done by Shimmura et al [13] . The staining of the superior cornea, mid-cornea, and inferior cornea was graded on a scale of 0 (no staining) to 3 (intense staining) using a slit-lamp microscope. Schirmer I test was performed without anesthetic and with the eye closed for 5min after the wetting strip was inserted into the lower conjunctival sac at the junction of the lateral and middle thirds, while avoiding contact with the cornea. The length of the wetting strips was recorded in millimeters 5min later. InflammaDry test also was performed to detect the presence of matrix metalloproteinase 9 level in the tear film. Osmolarity was measured using the TearLab system (TearLab Inc., San Diego, CA, USA). This device is intended to analyze the electrical impedance of a 50 nL tear sample collected from the inferior lateral tear meniscus. The subjective symptoms were assessed using a questionnaire of Dry EyeRelated Quality-of-Life Score (DEQS), which consists of 15 items related to dry eye symptoms and influence on daily life, and the overall degree of quality of life impairment is calculated as a summary score (0 to 100) [14] . We used the summary score of DEQS as subjective symptoms of DED. The tests were performed in a controlled temperature (22℃±3℃) and humidity (40%±4%). All measurements were performed by the same experienced examiner. The history of psychiatric disorders, including depression or anxiety disorders, was determined and all regular systemic medications were recorded. Depressive symptoms were identified utilizing the Hungarian validated version of the Shortened Beck Depression Inventory (BDI) [15] , which contains nine items that measure characteristic symptoms of depression (social withdrawal, indecisiveness, sleep disturbance, fatigability, somatic preoccupation, work inhibition, pessimism, lack of satisfaction and joy, and self-accusation). In Vivo Confocal Microscopy IVCM of the cornea was performed using confocal microscopy [Rostock Cornea Module of the Heidelberg Retina Tomograph (HRT/RCM); Heidelberg Engineering GmbH, Heidelberg, Germany] [3] .
The images comprised 384×384 pixels covering an area of 400 μm×400 μm with a transversal optical resolution of 2 μm, an axial optical resolution of 4 μm, and an acquisition time of 0.024s (Heidelberg Engineering GmbH). Images of subbasal nerves and dendritic cells of the central cornea were acquired using the same illumination intensity (manual mode) and by focusing the microscope beneath the basal epithelium. Approximately 20 images of the corneal subbasal nerve layer were captured in the central cornea for each eye and the five images (400 μm×400 μm) with most of the subbasal nerve fibers were included in quantitative analysis. We morphologically identified dendritic cells as bright individual dendritiform structures with cell bodies at posterior to the basal epithelial layer and anterior to Bowman's layer (Figure 1 ). To evaluate the density of dendritic cell in IVCM images, ImageJ software (http://imagej.nih.gov/ij/; provided in the public domain by the National Institutes of Health, Bethesda, MD, USA) was used. As described previously, images of corneal subbasal nerves were analyzed retrospectively using NeuronJ (Biomedical Imaging Group) by a single researcher (Kobashi H), who was anonymized in patient identity and the results of ocular surface investigations [3] . The following parameters were determined for each image, as elaborated below: density of corneal nerves; the mean (Lmean), minimum (Lmin), and maximum length (Lmax) of corneal nerves; and dendritic cell density classified according to a semiquantitative scale [3, 16] . Statistical Analysis All statistical analyses were performed using SPSS (SPSS Inc, Chicago, IL, USA). The normality of all data samples was first checked by the Kolmogorov-Smirnov test. Since the data did not fulfill the criteria for normal distribution, the Spearman's rho coefficient was calculated to assess the relationships of dry eye symptoms with dry eye clinical parameters and comorbidities. Variables with a P-value of <0.05 in univariate analysis were entered into a multivariate analysis. Stepwise multiple regression analysis was also performed to investigate the strength of associations between several variables and the DEQS because this multivariate analysis is useful for eliminating confounding variables. Table 3 . Compared with the control group, the eye with DED group had significantly lower density of subbasal nerves (P<0.001); shorter Lmax of subbasal nerves (P=0.005); and higher density of dendritic cell (P<0.001).
To confirm the correlation between DEQS and dendritic cell density, 97.2% statistical power was offered based on the actual values; Spearman rho of 0.51, significance level of <0.001, and sample size of 50.
DISCUSSION
In the present study, we found a significant association between depression and dry eye symptoms in the non-Sjögren dry eye disease patients. Several studies have evaluated independent factors affecting dry eye symptoms in DED [6, [9] [10] [11] . Our results were in accordance with previous epidemiological studies that showed a positive association between DED and depression [9, 11] . Labbé et al [9] reported that depression score was significantly associated with dry eye symptoms using univariate and multivariate regression analysis. Although anti-depressant medications are known risk factors inducing DED [17] [18] , it has been shown that depression itself is involved in the pathophysiology of DED and not just its treatments [17] . Previous reports showed a dysregulation of neuropeptides and an increased production of inflammatory cytokines in patients with depression [19] [20] , which are also mechanisms involved in DED [17] . The TBUT and the percentage of patients taking hypotensive medications were correlated with dry It is suggested that with shorter TBUT, more frequent use of hypotensive medication, dry eye symptoms significantly deteriorate. Our results were not in line with the previous studies [10, 21] . In our patients with non-Sjögren dry eye disease, TBUT and hypotensive drug were found to have some impact on dry eye symptoms in the current study. In our study, dry eye symptoms had no significant associations with each IVCM parameter, InflammaDry, and tear osmolarity. Correlations between IVCM and dry eye symptoms have been reported by some studies, but not others [5, 10, [22] [23] . We assume that this discrepancy may be attributed to some confounding factors or In the present study, the results demonstrated that compared with age and gender matched control group, corneal subbasal nerves in non-Sjögren dry eye disease patients showed lower density and dendritic cell did higher density. Subbasal corneal nerves have been previously evaluated in DED using IVCM with conflicting results. When evaluating subbasal nerve density, some authors observed a decrease [24] [25] [26] , while others found no change [22, [27] [28] [29] or even an increase in density in patients with DED [30] . However, most of these studies were conducted on Sjögren syndrome patients, who were different from our non-Sjögren dry eye disease patients. Such conflicting results may be due to associated confounding factors, individual variations, or the degree of disease severity. Because DED is a heterogeneous disease with multiple underlying etiologies, we need to distinguish among subtypes in terms of inflammation. Inflammation has been found to play a central role in the pathogenesis of dry eye [31] [32] . Dendritic cells have been demonstrated to have an association with the DED pathogenesis [33] [34] . In our study, compared with the control group, the patients with non-Sjögren dry eye disease had significantly higher density of dendritic cell, which demonstrating that dendritic cells play a significant role in corneal immune homeostasis in even cases with non-Sjögren dry eye disease. Kheirkhah et al [5] reported that when aqueousdeficient DED with underlying systemic immune disease, such as Sjögren syndrome and graft versus host disease, were compared with nonimmune conditions, the immunologic subgroup demonstrated significantly higher dendritic cell density (239.6±52.9 cell/mm 2 ), dendritic cell size, and number of dendrites. Their dendritic cell density (58.9±9.4 cell/mm 2 ) in patients with evaporative DED was similar to that in our current non-Sjögren dry eye disease patients (58.7±32.8 cell/mm 2 ). We believe that it is attributed to similar patient's characteristics and dry eye definition. There are at least three limitations of this study. First, the sample size in this study was relatively small for detecting the correlation between DEQS and dendritic cell density. However, this study confirmed that the sample size in this study offered >90% statistical power at the 5% level. A further study with greater numbers of patients is required to confirm these preliminary findings. Second, the current study did not include Sjögren dry eye patients. A new study on the IVCM measurements in these patients is currently being conducted. Third, other dendritic cell parameters such as cell size, number of dendrites, and cell field, were not included in this study. It is also unclear if that DED patients had normal morphological corneal nerves and only their number was lower than that of normal subjects. Further studies are required to determine several IVCM parameters such as tortuosity and reflectivity of corneal nerves using an image analysis in non-Sjögren dry eye disease patients.
In conclusion, in patients with non-Sjögren dry eye disease, anti-depressant medications and depression assessment scale affect dry eye symptoms. Our findings suggest that dry eye symptoms associate with higher depressive symptoms and its medications, although our patients were not followed longitudinally. No association between IVCM parameters and dry eye symptoms can be seen. Further studies with large number of patients are necessary to confirm our preliminary findings. 
